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Description 

This invention relates to a scanning optical appa- 
ratus according to the preamble of claim 1 . In such an 
apparatus, a light beam emitted from a light source is 
reflected by the mirror surface of a rotatable polygo- 
nal mirror and thereby deflected and scanned. 

A generic scanning optical apparatus is known 
from the JP-A-58-37616 and comprises a movable 
deflector which upon movement continuously de- 
flects a light beam from a light source through an opt- 
ical system in scanning direction on a predetermined 
surface. The deflector has a pair of orthogonal re- 
flecting surfaces to which the light beam is directed 
such that it first impinges on the first reflecting sur- 
face and from there on the second reflecting surface. 

As a scanning optical apparatus, there is known 
one as shown, for example, in Figure 1 of the accom- 
panying drawings wherein a laser beam LB emitted 
from a laser source 50 is modulated on the basis of 
predetermined image information and this modulated 
beam LB is colli mated by a collimator lens 52 and 
thereafter is reflected by a rotatable polygonal mirror 
54 rotated at a uniform speed, whereby the beam LB 
is scanned in uniform speed circular motion and fur- 
ther the scanning in uniform speed circular motion is 
converted into scanning in uniform speed rectilinear 
motion by an f9 lens 56 and the beam is imaged on a 
photosensitive drum 58 to thereby record an image. 

In a scanning optical apparatus of this kind, it 
would occur to mind to rotate the rotatable polygonal 
mirror 54 at a high speed or increase the number of 
the mirror surfaces of the polygonal mirror 54 in order 
to scan the beam at a high speed, but scanning at a 
higher speed has been difficult because in the mech- 
anical structure of a rotating mechanism, there is a 
limit in the increase in rotational speed or because the 
increase in the number of the mirror surfaces makes 
the polygonal mirror 54 bulky. 

Therefore, there would occur to mind a scanning 
optical apparatus as shown in Figure 2 of the accom- 
panying drawings where a beam LB emitted from a 
laser source 62 is caused to pass through a collimator 
lens 64 and impinge on a rotatable polygonal mirror 
66 at an angle 9 with respect to a normal N on the mir- 
ror surface 66a of the polygonal mirror 66 and the 
beam LB reflected by the mirror surface 66a is turned 
back to the polygonal mirror 66 by a fixed reflecting 
mirror 68 disposed in opposed relationship with the 
polygonal mirror 66 and is reflected twice by the mir- 
ror surface 66a of the polygonal mirror 66 and enters 
an f9 lens (not shown). 

In this apparatus, the beam is scanned by being 
reflected twice by the rotatable polygonal mirror 66 
nad therefore the scanning angle of the laser beam 
LB is enlarged to twice (when the angle of rotation of 
the rotatable polygonal mirror is 0, in the case of one 
reflection, the incident light and the emergent light 



form an angle of 29 therebetween, but if the beam is 
reflected twice by the polygonal mirror, the first inci- 
dent light and the last emergent light form an angle of 
40 therebetween, and this is simply verified by geo- 

5 metrical optics and consequently, the scanning angle 
becomes twice as great and thus, the scanning speed 
of the laser beam LB can be enhanced without the 
number of the mirror surfaces of the polygonal mirror 
66 being increased and without the rotational speed 

10 of the polygonal mirror 66 being increased. 

Also, the number of the mirror surfaces can be 
made relatively small and therefore, each mirror sur- 
face 66a can be made large and the diameter of the 
beam can be made large and the diameter of the spot 

15 on the photosensitive drum can be made small. 

In the above-described apparatus, however, the 
laser beam LB is caused to impinge on the polygonal 
mirror 66 at an angle 0 with respect to the normal N 
to the polygonal mirror 66 and therefore, there arises 

20 the problem that as the scanning angle of the laser 
beam becomes greater, the scanning line on a me- 
dium to be scanned becomes curved or the diameter 
of the laser spot varies. 

It is the object of the present invention to further 

25 develop the scanning optical apparatus according to 
the preamble of claim 1 such that the light beam can 
be scanned at high speed and with which a formed im- 
age free of distortion can be obtained. 

This object is achieved by the features indicated 

30 in the characterizing portion of claim 1 . 

Advantageous further developments are set out 
in the dependent claims. 

According to the invention the deflector can be 
minimized due to the reflecting member which is op- 

35 posite to the movable deflector and which reflects 
back the light emerging from the second reflecting 
surface onto the same to be again reflected onto the 
first reflecting surface. The light emerging from the 
reflecting member passes through the optical system 

40 onto a predetermined surface. By this means the nec- 
essary space is reduced and it is possible to widen the 
scanning angle twice while the curvature of the scan- 
ning line and the fluctuation of the diameter of the im- 
age spot is prevented compared with the case in 

45 which the scanning angle is widened by usual means. 
Accordingly the deflector can be made compact and 
high speed scanning is possible. Since the spot of the 
light beam on the reflecting member and the prede- 
termined surface are optically conjugate in the sub- 
so scanning direction the images are of high quality. 

According to the invention a light beam emitted 
from a light source is reflected by a plurality of mirror 
surfaces of a rotatable polygonal mirror and thereby 
deflected and scanned, each mirror surface of the ro- 

55 tatable polygonal mirror comprises a pair of reflecting 
surfaces inclined toward the center axis of rotation of 
the rotatable polygonal mirror and orthogonal to each 
other, and in opposed relationship with one of said 
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pair of reflecting surfaces, there is fixed a reflecting 
mirror having at least one reflecting surface for re- 
flecting the light beam from said one reflecting sur- 
face back to said one reflecting surface. 

Specifically, the fixed reflecting mirror may be a 
plane mirror having a reflecting surface or a roof type 
reflecting mirror, and the light beam is directed from 
the light source to the rotatable polygonal mirror 
through the intermediary of a reflecting mirror or a po- 
larizing beam splitter and a XIA plate. 

Figure 1 is a perspective view of an example of 
the scanning optical apparatus according to the prior 
art. 

Figure 2 is a cross-sectional view showing an- 
other example of the scanning optical apparatus ac- 
cording to the prior art 

Figure 3 is a view showing the construction of a 
first embodiment of the scanning optical apparatus of 
the present invention in the cross-section thereof in 
the sub-scanning direction. 

Figure 4 is a view of the same embodiment in the 
scanning cross-section thereof. 

Figure 5 is a view showing the construction of a 
second embodiment of the scanning optical appara- 
tus of the present invention in the cross-section there- 
of in the sub-scanning direction. 

Figure 6 is a view showing the construction of a 
third embodiment of the scanning optical apparatus 
of the present invention in the cross-section thereof 
in the sub-scanning direction. 

Figure 7 is a view showing the construction of a 
fourth embodiment of the scanning optical apparatus 
of the present invention in the cross-section thereof 
in the sub-scanning direction. 

Figure 8 is a view of the same embodiment in the 
scanning cross-section thereof. 

Figure 9 shows the construction of a quarter wa- 
velength plate shown in Figure 7. Figure 10 is a view 
showing the construction of a fifth embodiment of the 
scanning optical apparatus of the present invention in 
the cross-section thereof in the sub-scanning direc- 
tion. 

Some embodiments of the present invention will 
hereinafter be described with reference to the draw- 
ings. 

A first embodiment of the scanning optical appa- 
ratus of the present invention will first be described. 
Figure 3 is a front view of the first embodiment (a view 
in the cross-section thereof in the sub-scanning direc- 
tion), and Figure 4 is a plan view thereof (a view in the ; 
scanning cross section). 

The scanning cross-section refers to a light beam 
surface which a light beam deflected and scanned by 
the deflecting reflecting surface of a rotatable polygo- 
nal mirror which is a deflector forms with the lapse of 
time. The sub-scanning cross-section refers to a 
cross-section perpendicular to the scanning cross- 
section and containing the optic axis of an f6 lens. 



As shown, the scanning optical apparatus 1 com- 
prises chiefly a semiconductor laser 3 as a light 
source emitting a laser beam LB, a collimator lens 5 
for collimatng the laser beam LB incident from the 

5 semiconductor laser 3, a roof type rotatable polygonal 
mirror 7 having a plurality of pairs of mirror surfaces 
each formed by two reflecting surfaces 7a and 7b in- 
clined inwardly and orthogonal to each other, a fixed 
reflecting mirror 9 disposed in opposed relationship 

10 with the reflecting surface 7b and comprising a plane 
mirror, a quarter wavelength plate (7JA plate) 11 dis- 
posed in opposed relationship with the reflecting sur- 
face 7a and delaying the phase by rc/2 depending on 
the direction of polarization of the incident laser 

15 beam, and a polarizing beam splitter 1 3 disposed op- 
posite to the roof type rotatable polygonal mirror 7 
with the XIA plate 11 interposed therebetween. 

In this scanning optical apparatus 1, the laser 
beam LB emitted from the semiconductor laser 3, 

20 when passed through the collimator lens 5, travels as 
parallel light, is reflected by the polarizing beam split- 
ter 13 and passes through the XIA plate 11. At this 
time, the laser beam LB is made into recti! i nearly po- 
larized light by the polarizing beam splitter 1 3 and fur- 

25 ther converted into circularly polarized light by the XIA 
plate 11. 

Then, the laser beam LB impinges on one reflect- 
ing surface 7a of the roof type rotatable polygonal 
mirror 7 and is reflected thereby and impinges on the 

30 other reflecting surface 7b and is further reflected 
thereby, whereby the laser beam travels in the direc- 
tion opposite to the direction in which it impinges on 
one reflecting surface 7a (in the cross-section of Fig- 
ure 3, the incident light onto the reflecting surface 7a 

35 and the reflected light from the reflecting surface 7b 
are parallel to each other). Thereupon, the laser beam 
is reflected back by the fixed reflecting mirror 9 dis- 
posed so as to intersect the direction of travel of the 
laser beam and again impinges on said reflecting sur- 

40 face 7b (in the cross-section of Figure 3, the reflected 
light from the reflecting surface 7b and the re-incident 
light onto the reflecting surface 7b are on the same 
optical path), and again passes through the XIA plate 
11, following the optical path of the reflecting surface 

45 7b -> the reflecting surface 7a -► the XI A plate 1 1 (in 
the cross-section of Figure 3, the incident light onto 
the reflecting surface 7a and the re-reflected light 
from the reflecting surface 7a assume the same opt- 
ical path). At this time, the laser beam which is circu- 

50 larly polarized light is converted into rectilinearly po- 
larized light whose plane of polarization is perpendic- 
ular to the rectilinearly polarized light during inci- 
dence, and now passes rectilinearly through the po- 
larizing beam splitter 13, and passes through an f0 

55 lens (not shown) and is imaged on a photosensitive 
drum (not shown) which is a surface to be scanned. 
In this manner, the light beam from the light source 
and the light beam from the deflector are separated 
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from each other by the use of the XI A plate and the po- 
larizing beam splitter. 

At this time, as shown in Figure 4, the roof type 
rotatable polygonal mirror 7 is rotated, whereby the 
beam LB transmitted through the polarizing beam 5 
splitter 13 is scanned in the scanning cross-section 
by uniform speed circular motion, and is converted 
into uniform speed rectilinear motion by the f9 lens 
and scanned on the photosensitive drum. 

As described above, in the first embodiment, the 10 
fixed reflecting mirror 9 is disposed in opposed rela- 
tionship with one reflecting surface 7b of the roof type 
rotatable polygonal mirror 7 and the beam LB reflect- 
ed by the two reflecting surfaces 7a and 7b of the roof 
type rotatable polygonal mirror 7 and i mpinging on the 1 5 
fixed reflecting mirror 9 is turned back by the fixed re- 
flecting mirror 9 so as to be again reflected by the two 
reflecting surfaces 7a and 7b and therefore, the scan- 
ning angle of the laser beam LB widens to twice as 
compared with that in the example of the prior art 20 
shown in Figure 1. Thus, the roof type rotatable poly- 
gonal mirror 7 can be made small in its outer diameter 
and compact and therefore, high-speed rotation of the 
roof type rotatable polygon mirror 7 becomes possible 
and high-speed scanning of the beam LB becomes 25 
possible. Or it is possible to increase the number of 
mirror surfaces even for the same size of the roof type 
rotatable polygonal mirror, and it becomes possible to 
scan the beam LB at a higher speed without increas- 
ing the rotational speed of the polygonal mirror. 30 

Also, in the first embodiment, a plane mirror of 
one-piece construction is employed as the fixed re- 
flecting mirror 9 and the polarizing beam splitter 13 is 
disposed on the side opposite to the roof type rota- 
tional polygonal mirror 7 with the AY4 plate 11 inter- 35 
posed therebetween, whereby the light beam pro- 
duced from the semiconductor laser 3 can be used ef- 
ficiently and design is made such that the forward 
path of the polarizing beam splitter 13 the roof type 
rotatable polygonal mirror 7 -> the fixed reflecting 40 
mirror 9 -> and the backward path of the fixed reflect- 
ing mirror 9 the roof type rotatable polygonal mirror 7 
->• the polarizing beam splitter 13 (-> the f6 lens) as- 
sume the same optical path in the cross-section in the 
sub-scanning direction shown in Figure 3 and there- 45 
fore, the curvature of the scanning line resulting from 
the widening of the scanning angle of the beam and 
the fluctuation of the spot diameter of the beam LB do 
not occur as do in the example shown in Figure 2. 
Therefore, the reflecting surfaces 7a and 7b can be so 
made large enough and the F-number of the beam 
can be made small enough to thereby made the diam- 
eter of the spot on the photosensitive drum small 
enough. Thus, images of high quality can be recorded 
on the photosensitive drum. 55 

A scanning optical apparatus 20 according to a 
second embodiment will now be described. Figure 5 
shows the construction of the second embodiment in 



the cross-section thereof in the sub-scanning direc- 
tion. 

As shown in Figure 5, the construction of the 
scanning optical apparatus 20 is such that a cylindri- 
cal lens 22 disposed between the collimator lens 5 
and the polarizing beam splitter 13 is added to the 
same optical construction as the first embodiment. 

This cylindrical lens 22 has power only in the sub- 
scanning direction which is a direction perpendicular 
to the scanning cross-section, and causes a parallel 
light beam LB incident from the collimator lens 5 to be 
imaged in the form of a line on the fixed reflecting mir- 
ror 9. Also, the fixed reflecting mirror 9 and the imag- 
ing surface on the photosensitive drum are in a con- 
jugate relationship with each other in the cross- 
section in the sub-scanning direction by an f9 lens be- 
ing disposed between the two. Therefore, even if the 
reflecting surface 9a of the fixed reflecting mirror 9 is 
not orthogonal to the incident laser beam LB in the 
cross-section in the sub-scanning direction and has 
more or less angle error, the pitch irregularity on the 
imaging surface of the photosensitive drum and the 
bending of the scanning line can be corrected. 

A scanning optical apparatus 30 according to a 
third embodiment will now be described. Figure 6 
shows the construction of the third embodiment in the 
cross-section in the sub-scanning direction. 

In Figure 6, the construction of the scanning opt- 
ical apapratus 30 is the same as that of the first em- 
bodiment with respect to the semiconductor laser 3, 
the collimator lens 5 and the roof type rotatable poly- 
gonal mirror 7, but instead of the polarizing beam 
splitter in the first embodiment, a plane reflecting mir- 
ror 32 is disposed at an angle of 45° with respect to 
the beam LB rectilinearly travelling from the collima- 
tor lens 5, and in place of the fixed reflecting mirror 
comprising a plane mirror, there is disposed a roof 
type fixed reflecting mirror 34 having two reflecting 
surfaces 34a and 34b orthogonal to each other. 

In this scanning optical apparatus 30, the light 
beam LB from the semiconductor laser 3, when trans- 
mitted through the collimator lens 5, travels as a par- 
allel light beam, is reflected at a right angle by the 
plane reflecting mirror 32, impinges on one reflecting 
surface 7a of the roof type rotatable polygonal mirror 
7, is reflected by the reflecting surface 7a and imping- 
es on the other reflecting surface 7b and is further re- 
flected thereby, whereby it travels in the direction just 
opposite in the cross-section in the sub-scanning di- 
rection to the direction in which it has impinged on 
said one reflecting surface 7a. Thereupon, the laser 
beam LB is reflected by the two reflecting surfaces 
34a and 34b of the roof type fixed reflecting mirror 34 
disposed in the direction of travel of the light beam 
and is turned back, assuming an optical path parallel 
to the incidence optical path in the cross-section in 
the sub-scanning direction with a predetermined 
width (a matter of the reflection points of the ref lect- 
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ing surfaces 34a and 34b). It again impinges on the 
reflecting surface 7b -> of the roof type rotatabie poly- 
gonal mirror 7, and via the optical path of the reflect- 
ing surface 7b the reflecting surface 7a , it emerges 
to an f 9 lens, assuming an optical path parallel to the 
optical path along which it has impinged from the 
plane reflecting mirror 32 onto the roof type rotatabie 
polygonal mirror 7 in the cross-section in the sub- 
scanning direction, but more toward the roof type 
fixed reflecting mirror 34 by a predetermined width, 
that is, going through the space between the roof type 
fixed reflecting mirror 34 and the plane reflecting mir- 
ror 32. 

The third embodiment is designed such that by 
the roof type fixed reflecting mirror 34 being disposed 
in opposed relationship with one reflecting surface 7b 
of the roof type rotatabie polygonal mirror 7, the laser 
beam LB emerges from the roof type rotatabie poly- 
gonal mirror 7 onto the f9 lens, assuming an optical 
path parallel to the optical path along which the laser 
beam LB has impinged on the roof type rotatabie 
polygonal mirror 7, but more toward the roof type 
fixed reflecting mirror 34 by a predetermined width, 
and therefore the polarizing beam splitter and the 7J4 
plate become unnecessary and the optical system 
can be simplified. 

Also, since the roof type fixed reflecting mirror 34 
is employed as the fixed reflecting mirror, it is not nec- 
essary to effect the correction of fall by a cylindrical 
lens as in the second embodiment. 

As described above, the scanning optical appa- 
ratus of the present invention is a scanning optical ap- 
paratus in which a light beam emitted from a light 
source is reflected by the mirror surfaces of a rotat- 
abie polygonal mirror and thereby deflected and 
scanned and wherein each mirror surface of said ro- 
tatabie polygonal mirror comprises a pair of reflecting 
surfaces inclined toward the center of rotation of the 
rotatabie polygonal mirror and orthogonal to each 
other and a reflecting mirror having at least one re- 
flecting surface for reflecting the light beam from one 
of the pair of reflecting surfaces and returning said 
light beam to said one reflecting surface is fixed in op- 
posed relationship with said one reflecting surface. 

Thus, design is made such that a fixed reflecting 
mirror is disposed in opposed relationship with one of 
the pairs of reflecting surfaces of the rotatabie poly- 
gonal mirror and the beam which has impinged from 
said one reflecting surface onto the fixed reflecting 
surface is turned back and caused to impinge on the 
rotatabie polygonal mirror again, whereby the light 
beam incident from the light source onto the rotatabie 
polygonal mirror emerges from the rotatabie polygo- 
nal mirror along an optical path parallel to the inci- 
dence optical path in the cross-section in the sub- 
scanning direction, and therefore it is possible to wi- 
den the scanning angle of the light beam to twice and 
yet prevent the curvature of the scanning line and the 



fluctuation of the diameter of the imaged spot which 
would result from the widening of the scanning angle. 

Accordingly, the rotatabie polygonal mirror can 
be made compact and high-speed rotation of the ro- 

5 tatable polygonal mirror becomes possible and thus, 
high-speed scanning of the light beam becomes pos- 
sible. Or the number of the mirror surfaces of the ro- 
tatabie polygonal mirror can be increased even for the 
same size of the rotatabie polygonal mirror, and high- 

10 er-speed scanning of the light beam becomes possi- 
ble without the rotational speed of the rotatabie poly- 
gonal mirror being increased. 

Also, the reflecting surfaces of the polygonal mir- 
ror can be made relatively large and therefore, the F- 

15 number of the beam can be made small and the diam- 
eter of the imaged spot of the light beam can be made 
small enough, and images of high quality can be re- 
corded. 

A further embodiment of the present invention 

20 will hereinafter be described. 

Figure 7 shows the state of a fourth embodiment 
of the scanning optical apparatus of the present in- 
vention in the cross-section thereof in the sub-scan- 
ning direction. Figure 8 is a view of the same em bod i- 

25 ment in the scanning cross-section thereof, and Fig- 
ure 9 shows the construction of a quarter wavelength 
plate shown in Figure 7. 

In these figures, the reference numeral 100 des- 
ignates light source means having, for example, a 

30 semiconductor laser or a polarizing plate and a light 
source for emitting predetermined rectilinearly pola- 
rized light. In the present embodiment, the light beam 
emitted from the light source 1 00 is a rectilinearly po- 
larized beam. 

35 The reference numeral 102 denotes a collimator 

lens which collimates the light beam emitted from the 
light source 100. The reference numeral 107 designa- 
tes a cylindrical lens having predetermined refractive 
power with respect to the sub-scanning cross- 
40 section. 

The reference numeral 108 denotes a polarizing 
beam splitter having the function of separating the in- 
cident light beam into two light beams by the use of 
double-refractive crystal. 
45 The reference numeral 1 09 designates a quarter 

wavelength plate formed by a plurality of crystals ce- 
mented together in such a manner that their crystal 
axes are orthogonal to one another and inclined ly dis- 
posed so that the crystal axes may form 45° with re- 
50 spect to the scanning direction of the light beam. In 
the present embodiment, the quarter wavelength 
plate 109 is formed by two crystal plates 109a and 
109b being cemented together. The polarizing beam 
splitter 108 and the quarter wavelength plate 109 to- 
ss gether constitute optical path separating means 120. 

The reference numeral 111 denotes a roof type 
rotatabie polygonal mirror comprising a plurality of 
pairs of reflecting surfaces each pair comprising two 
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reflecting surfaces 111a and 111b disposed at right 
angles in opposed relationship with each other, said 
plurality of pairs of reflecting surfaces being arranged 
around a rotational axis 101. In the present embodi- 
ment, the rotatable polygonal mirror 111 has twenty 
reflecting surfaces (ten pairs of reflecting surfaces) in 
total. The reference numeral 110 designates reflect- 
ing means comprising a f ixed reflecting mirror having 
at least one reflecting surface. The reflecting means 
110 is disposed in opposed relationship with the roof 
type rotatable polygonal mirror 111. 

In the present embodiment, the light beam emit- 
ted from the light source 100 is collimated by the col- 
limator lens 102, is condensed in one-dimensional di- 
rection (the sub-scanning direction) by the cylindrical 
lens 107 and enters the polarizing beam splitter 108. 

Design is made such that the rectilinearly pola- 
rized light beam transmitted through the polarizing 
beam splitter enters the quarter wavelength plate 109 
so that the direction of polarization of said light beam 
may be 0° or 90° with respect to the crystal axis of the 
quarter wavelength plate. The rectilinearly polarized 
light beam is converted into circularly polarized light 
by passing through the quarter wavelength plate 109 
and impinges on the reflecting surface 111a of the 
roof type rotatable polygonal mirror 111, and is reflect- 
ed upwardly as viewed in Figure 7 by the reflecting 
surface 111a and impinges on the other reflecting 
surface 111b. 

The incident light beam further reflected toward 
the fixed reflecting mirror 110 by the reflecting sur- 
face 111b is reflected by this fixed reflecting mirror 

110 and becomes circularly polarized light opposite in 
direction to the direction during the incidence, and 
again impinges on the reflecting surface 111b, and 
emerges from the roof type rotatable polygonal mirror 

111 along an optical path converse to that during the 
aforementioned incidence and again enters the quar- 
ter wavelength plate 1 09. 

The emergent light beam is converted into recti- 
lineary polarized light whose plane of polarization is 
orthogonal to that during the incidence by the quarter 
wavelength plate 109 and enters the polarizing beam 
splitter 108, and is reflected upwardly as viewed in 
Figure 7 by this polarizing beam splitter 108 and is 
converged into the form of a spot on the surface of a 
photosensitive drum by an imaging optical system 
such as an f9 lens, not shown. The roof type rotatable 
polygonal mirror 111 is rotated at a predetermined 
speed, whereby the surface of the photosensitive 
drum is optically scanned by the beam. 

In the present embodiment, the polarizing beam 
splitter 108 and the quarter wavelength plate 109 
formed by two crystal plates being cemented together 
are used as the optical path separating means 120 for 
separating the optical paths of the incident light beam 
and emergent light beam from each other, whereby 
the light beam emitted from the light source 1 00 is ef- 



ficiently directed to the surface of the photosensitive 
drum with the loss of the quantity of light of the light 
beam being reduced. 

Description will now be made of the optical action 
5 of the quarter wavelength plate 109 which constitutes 
an element of the optical path separating means 120. 

Generally, an optically scanned light beam enters 
a quarter wavelength plate at an angle. Usually in a 
wavelength plate formed by a single crystal plate, the 
w plate thickness d is expressed by the following equa- 
tion: 

d-An = (2m + 1)X/4 (1) 
where X is the wavelength used, An is the difference 
(An = n e - n Q ) between the refractive index (n e ) of an 

15 abnormal light ray and the refractive index (n G ) of a 
normal light ray, and m is any integer. 

For example, where the wavelength k is X = 680 
nm, the refractive index n e of the abnormal light ray 
is n e = 1 .5509 and the refractive index n 0 of the normal 

20 light ray is n 0 = 1 .5419 and therefore, the plate thick- 
ness d is (2m + 1) x 18.9 (um). 

For example, when the value of the integer m is 
m = 0, the plate thickness d is as small as the order 
of 1 8.9 um, and this becomes considerably difficult in 

25 manufacturing and holding. Generally the integer m is 
given any value and the plate thickness d is adjusted 
so as to be of the order of 1 mm. 

Therefore, where as in the present embodiment, 
a light beam enters the quarter wavelength plate at an 

30 angle off the axis, the optical path length 2 when the 
off-axis light beam passes through the quarter wave- 
length plate is 

I = n D d / Vn 0 2 - sin26 , 
where 0 is the angle of incidence at which the light 
35 beam is incident or the quarter wavelength plate, and 
as a re sult, deviation of the phase occurs off the axis 

by(no/Vno 2 - sin^ - 1)dAn. For example, when the 
plate thickness d is d = 1 mm and the angle of inci- 
40 dence 9 is 9 = 34°, the phase difference off the axis 
deviates by 0.9668X = Xas compared with that on the 
axis, and it is difficult to separate the light beam off 
the axis. 

Generally in the optical system of a scanning opt- 
45 ical apparatus such as a laser printer, it is necessary 
that the difference between the quantity of light on 
the axis and the quantity of light off the axis be set to 
the order of several %, and from this, the allowable 
phase difference off the axis is 0.01 25X or less and 
50 the plate thickness d is 12.9 um or less when the dif- 
ference is quantity of light is e.g. 5%. 

Accordingly, it is not very preferable that the 
quarter wavelength plate thus formed be applied to a 
scanning optical apparatus such as a laser printer. 
55 So, in the present embodiment, as shown in Fig- 

ure 9, the quarter wavelength plate is effectively 
formed by two crystal plates being cemented togeth- 
er, thereby solving the aforementioned problem. 
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In Figure 9, two crystal plates 109a and 109b are 
cemented together in such a manner that their crystal 
axes are orthogonal to each other, and each element 
is set so that the thicknesses d 1 and d 2 of the respec- 
tive crystal plates may be 

di = d 

and 

d 2 = d + (2m + 1)A/4An, 
whereby the action as a proper quarter wavelength 
plate is provided. 

Also, the optical path difference AOPD between 
the wave surface of the light beam incident at an an- 
gle a from the y-axis and at an angle 6 from the x-axis 
as shown in Figure 9 which is polarized on the xz 
plane and the wave surface of said light beam which 
is polarized on the xy plane is expressed by 
AOPD = (1 - tan29 0 cos2a) (2m + 1).JJ4- 
cos 9 0 - An(sin 2 8 0 cos 29o/cos 3 9 0 )- 
d-cos 2a f (2) 
where sin 0 = n Q -sin 0 O . 

Also, if here, the scanning direction is set so as 
to form an angle of 45° with respect to the crystal axis 
of the quarter wavelength plate, the equation (2) 
above is equal to the case of a = 45° and the optical 
path difference AOPD is 

AOPD = (1 - 1/2-tan 2 9 0 ) (2m + 1)4/4-coe 6 0 . (3) 
This means that if the difference between the 
thicknesses of the two crystal plates 109a and 109b 
is set in such a manner as to provide a phase of XI A t 
i.e., to M4-An, even if the thickness d is commonly 
added to the plate thicknesses of the respective crys- 
tal plates, the optical path difference will not vary 
throughout the entire angle of field and the quarter 
wavelength plate can be set to any thickness for 
which manufacturing and holding is easy. 

Also, from the aforementioned equation (3), it fol- 
lows that when the light beam enters the quarter wa- 
velength plate, for example, at the angle of incident 0 
= 45°, if the integer m is m=0, the optical path differ- 
ence AOPD will be of the order of 0.991 79 x XI4 with 
a result that the optical path difference on the axis 
and off the axis can be rendered into the order of 
1.3%. 

Accordingly the quarter wavelength plate thus 
formed becomes well applicable to a scanning optical 
apparatus such as a laser printer. 

Thus, in the present embodiment, as previously 
described, two crystal plates are cemented together 
to form a quarter wavelength plate, whereby the quar- 
ter wavelength plate is relatively good in the manufac- 
turing property and holding property thereof and the 
incident light beam and the emergent light beam can 
be accurately separated from each other. 

Also, crystal equivalent to XI A can likewise be ce- 
mented to the surface of a conventional glass sub- 
strate free of the double refractive property to there- 
by provide a quarter wavelength plate equal in perfor- 
mance to the aforedescribed quarter wavelength 



plate. 

As described above, the fourth embodiment of 
the present invention is a scanning optical apparatus 
in which a recti! i nearly polarized light beam emitted 

5 from light source means is passed through a quarter 
wavelength plate by way of a polarizing beam splitter 
and is made into circularly polarized light thereby, is 
reflected by a pair of reflecting surfaces of a roof type 
rotatable polygonal mirror comprising a plurality of 

10 pairs of reflecting surfaces provided around a rotat- 
able member, each said pair of reflecting surfaces 
comprising two reflecting surfaces disposed in op- 
posed relationship with each other so as to be ortho- 
gonal to each other, and then is reflected by fixed re- 
ts fleeting means disposed in opposed relationship with 
said roof type rotatable polygonal mirror, and there- 
after is returned to said roof type rotatable polygonal 
mirror and is again reflected by said pair of reflecting 
surfaces, and is caused to again enter said polarizing 

20 beam splitter as recti linearly polarized light whose di- 
rections of polarization are orthogonal to each other 
when the light beam enters through said quarter wa- 
velength plate, and the light beam caused to emerge 
from said polarizing beam splitter in a direction ortho- 

25 gonal to the direction of incidence is directed onto a 
surface to be scanned and said surface to be scan- 
ned is optically scanned by said light beam with the 
rotation of said roof type rotatable polygonal mirror, 
characterized in that said quarter wavelength plate 

30 comprises at least a plurality of crystals cemented to- 
gether so that the crystal axes thereof may be ortho- 
gonal to each other, and said crystal axes are inclined 
at an angle of 45° with respect to the scanning direc- 
tion on said surface to be scanned. 

35 Particularly the fourth embodiment of the present 

invention is characterized in that when the light beam 
emitted from said light source means enters said 
quarter wavelength plate, the direction of polarization 
of said light beam forms an angle of 0° or 90° with re- 

40 spect to the crystal axes of said crystals. 

As described above, according to the fourth em- 
bodiment of the present invention, there can be ach- 
ieved a scanning optical apparatus having a roof type 
rotatable polygonal mirror and a fixed reflecting mir- 

45 ror and in which a polarizing beam splitter and a quar- 
ter wavelength plate are used as optical path separat- 
ing means for separating the optical paths of the in- 
cident light beam and the emergent light beam from 
each other, said quarter wavelength plate is formed 

so by a plurality of crystals cemented together so that 
the crystal axes thereof may be orthogonal to each 
other and is disposed so that said crystal axes may 
be at 45° with respect to the scanning direction, 
whereby the scanning optical apparatus is great in 

55 plate thickness and good in working property and suf- 
fers little from the retardation resulting from polariza- 
tion in the entire angle of field and can alleviate the 
loss of the quantity of light. 
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Figure 10 is a view showing the construction of a 
fifth embodiment of the scanning optical apparatus of 
the present invention in the sub-scanning cross- 
section thereof. 

The fifth embodiemnt proposes a scanning opti- 5 
cat apparatus which, as shown in Figure 10, uses a 
beam splitter (a half mirror) as optical path separating 
means for separating the optical paths of the incident 
light beam and the emergent light beam from each 
other. 10 

In Figure 10, a rectilinearly polarized light beam 
emitted from a light source 71 is transmitted through 
a half mirror 75 and impinges on the reflecting sur- 
face 73a of a roof type rotatable polygonal mirror 73. 

The incident light beam is then reflected an odd 15 
number of times by the roof type rotatable polygonal 
mirror 73 and a fixed reflecting mirror 74, and again 
enters the half mirror 75. The light beam which has 
again entered the half mirror 75 is reflected upwardly 
as viewed in Figure 1 0 by the half mirror 75 and forms 20 
the image of image information on a photosensitive 
drum which is a surface to be scanned, by an fO lens, 
not shown. 

A scanning optical apparatus has a light source 
for emitting a light beam, and a deflector such as ro- 25 
tatable polygonal mirror having a plurality of mirror 
surfaces for deflecting the light beam emitted from 
the light source. Each mirror surface of the rotatable 
polygonal mirror has a pair of reflecting surfaces in- 
clined toward the center axis of rotation of the poly- 30 
gonal mirror and orthogonal to each other. A fixed re- 
flecting mirror is arranged in opposed relationship 
with one of the pair of reflecting surfaces so that the 
light beam deflected by the deflector is reflected to be 
returned to the deflector again. 35 



Claims 

1. A scanning optical apparatus comprising 40 
a light source unit (3; 71; 100), 
a movable deflector (7; 73; 111) for continuously 
deflecting a light beam (LB) from said light source 
unit (3; 71; 100) while scanning is performed in 
the scanning direction, wherein said deflector (7; 45 
73; 111) has a pair of reflecting surfaces (7a, 7b; 
73a; 111a, 111b) orthogonal to each other, 
means (13; 32; 75; 108) for directing the light 
beam (LB) onto the first (7a; 73a; Ilia) of said pair 
of reflecting surfaces such that the light beam so 
(LB) is reflected towards the second reflecting 
surface (7b; 111b) and 

an optical system for condensing the light beam 
(LB) deflected by the deflector (7; 73; 111) on a 
predetermined surface, 55 
characterized by 

a reflecting member (9; 34; 74; 110) being dis- 
posed opposite to the movable deflector (7; 73; 



111) such that the I ig ht beam (LB) reflected by the 
second reflecting surface (7b; 111b) is reflected 
back by said reflecting member (9; 34; 74; 110) 
towards the second reflecting surface (7b; 111b) 
and therefrom onto said first reflecting surface 
(7a; 73a; 111a) and wherein 
said optical system is disposed in the light path of 
the light beam (LB) reflected from the first reflect- 
ing surface (7a; 73a; 111a) and provides with re- 
spect to a sub-scanning direction optically conju- 
gate points on the surface of the reflecting mem- 
ber (9; 34; 74; 11 0) and on said predetermined 
surface. 

2. A scanning optical apparatus according to claim 
1 

characterized in that 

said deflector (7; 73; 111) is a rotatable polygonal 
mirror (7; 73; 111) and has said pair of reflecting 
surfaces (7a, 7b; 73a; 111a, 111b) inclined toward 
the rotational axis of said rotatable polygonal mir- 
ror (7; 73; 111). 

3. A scanning optical apparatus according to any of 
claims 1 or 2 

characterized in that 

an optical member (11, 13; 75; 108, 109) is dis- 
posed between said light source unit (3; 71; 100) 
and said deflector (7; 73; 111) for separating the 
light beam (LB) from said light source (3; 71; 100) 
and the light beam (LB) deflected by said deflec- 
tor (7; 73; 111). 

4. A scanning optical apparatus according to any of 
claims 1 to 3 

characterized in that 

said optical system is a floptical system. 

5. A scanning optical apparatus according to any of 
claims 3 or 4 

characterized in that 

said optical member (11, 13; 75; 108, 109) com- 
prises a polarizing beam splitter (1 3; 75; 1 08) and 
a quarter-wave plate (11; 109). 

6. An image recording apparatus having a photo- 
sensitive member 

characterized by 

a scanning optical apparatus according to any of 
the preceding claims, wherein said photosensi- 
tive member receives the light beam (LB) from 
said optical system. 



Patentanspruche 

1 . Optisches Abtastgerat mit 

einer Lichtquellen-Einheit (3, 71, 100), 
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einem bewegbaren Abtenkelement (7, 73, 
111) zum ununterbrochenen Ablenken eines 
Lichtstrahls (LB) von der Lichtqueilen-Einheit (3, 
71, 100), wahrend die Abtastung in der Abtast- 
richtung ausgefuhrt wird, wobei das Ablenkele- 
ment (7, 73, 111) ein Paar Reflexionsflachen (7a, 
7b, 73a. 111a, 111b) aufweist, die zueinander or- 
thogonal sind, 

einer Einrichtung (13, 32, 75, 108) zum 
Richten des Lichtstrahls (LB) auf die erste (7a, 
73a, 111a) des Paars Reflexionsflachen derart, 
daH der Lichtstrahl (LB) in Richtung auf die zwei- 
te Reflexionsflache (7b, 111b) reflektiert wird, 
und 

einem optischen System zum Konzentrie- 
ren des Lichtstrahls (LB), der durch das Ablenk- 
element (7, 73, 111) abgelenkt ist, auf eine fest- 
gelegte Flache, 
gekennzeichnet durch 

ein Reflexionselement (9, 34, 74, 110), 
das derart gegenuber dem bewegbaren Ablenk- 
element(7, 73, 111)angeordnet ist, daB der durch 
die zweite Reflexionsflache (7b, 111b) reflektier- 
te Lichtstrahl (LB) mittels des Reflexionsele- 
ments (9, 34, 74) in Richtung auf die zweite Re- 
flexionsflache (7b, 111b) und von dort auf die er- 
ste Reflexionsflache (7a, 73a, 111a) zuruckre- 
f lektiert wird, und wobei 

das optische System in dem Lichtweg des 
von der ersten Reflexionsflache (7a, 73a, 111a) 
ref lektierten Lichtstrahls (LB) angeordnet ist und 
mit Bezug auf eine Nebenabtastrichtung optisch 
konjugierte Punkte auf der Flache des Reflexi- 
onselements (9, 34, 74, 110) und auf der festge- 
legten Flache schafft. 

2. Optisches Abtastgerat gemafc Anspruch 1 , 
dadurch gekennzeichnet, daft 

das Ablenkelement (7, 73, 111) ein drehbarer Po- 
lygonspiegel (7, 73, 111) ist und das Paar Refle- 
xionsflachen (7a, 7b, 73a, 73b, 111a, 111b) auf- 
weist, die in Richtung auf die Rotationsachse des 
drehbaren Polygonspiegels (7, 73, 111) geneigt 
sind. 

3. Optisches Abtastgerat gemaft einem der Anspru- 
che oder 2, 

dadurch gekennzeichnet, daft 

ein optisches Element (11, 13 , 75, 108, 109) zwi- 
schen der Lichtqueilen-Einheit (3, 71, 100) und 
dem Ablenkelement (7, 73, 111) angeordnet ist, 
um den Lichtstrahl (LB) von der Lichtquelle (3, 
71, 100) und den mittels des Ablenkelements (7, 
73, 111) abgelenkten Lichtstrahl (LB) zu teilen. 

4. Optisches Abtastgerat gemafc einem der Anspru- 
che 1 bis 3, 

dadurch gekennzeichnet, daft 



das optische System ein optisches fO-System ist. 

5. Optisches Abtastgerat gemaR einem der Anspru- 
che 3 oder 4, 
5 dadurch gekennzeichnet, daft 

das optische Element (1 1 , 1 3, 75, 1 08, 1 09) einen 
Polarisationsstrahlenteiler (13, 75, 108) und eine 
Lambda- Viertel Platte (11, 109) aufweist. 

10 6. Bildaufzeichnungsgerat mit einem lichtempf indli- 
chen Element, 
gekennzeichnet durch 

ein optisches Abtastgerat gemaft einem der vor- 
angehenden Anspruch e, wobei das lichtempf ind- 
15 liche Element den Lichtstrahl (LB) von dem opti- 

schen System empfangt. 



Revendicatlons 

20 

1. Appareil optique de balayage, comportant 

une unite (3 ; 71 ; 100) a source de lumie- 

re, 

un deflecteur mobile (7 ; 73 111) destine a 
25 devier en continu un faisceau lumineux (LB) pro- 

venant de ladite unite (3 ; 71 ; 100) a source de 
lumiere en meme temps qu'un balayage est ef- 
fectue dans la direction de balayage, ledit deflec- 
teur (7 ; 73 ; 111) presentant deux surfaces refle- 
30 chissantes (7a, 7b ; 73a ; 111a, 111b) orthogona- 

les entre elles, 

des moyens (13 ; 32 ; 75 ; 75 ; 108) desti- 
nes a dinger le faisceau lumineux (LB) sur la pre- 
miere (7a ; 73a ; 111 a) desdites deux surfaces re- 
35 flechissantes af in que le faisceau lumineux (LB) 

soit reflechi vers la seconde surface ref lech is- 
sante(7b; 111b) et 

un systeme optique destine a condenser 
le faisceau lumineux (LB) devie par le deflecteur 
40 (7 ; 73 ; 111) sur une surface predeterminee, 

caracterise par 

un element ref lechissant (9 ; 34 ; 74 ; 11 0) 
dispose de fa con a et re oppose au deflecteur mo- 
bile (7 ; 73 ; 111) afin que le faisceau lumineux 

45 (LB) reflechi par la seconde surface ref lech issan- 

te (7b ; 111b) soit renvoye par reflexion par ledit 
element ref lechissant (9 ; 34 ; 74 ; 110) vers la 
seconde surface reflechissante (7b ; 111b) et de 
celle-ci, sur ladite premiere surface ref lechissan- 

50 te (7a ; 73a ; 111a), et dans lequel 

ledit systeme optique est dispose dans le 
trajet lumineux du faisceau lumineux (LB) refle- 
chi par la premiere surface reflechissante (7a ; 
73a ; 111a) et produit, par rapport a une direction 

55 de balayage secondaire, des points optiquement 

conjugues sur la surface de I'element reflechis- 
sant (9 ; 34 ; 74 ; 11 0) sur ladite surface predeter- 
minee. 
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2. Appareil optique de balayage selon la revendica- 
tion 1, 

caracterise en ce que 

le deflecteur (7 ; 73 ; 111) estun miroir po- 
lygonal tournant (7 ; 73 ; 111) et comporte lesdi- 5 
tes deux surfaces reflechissantes (7a t 7b ; 73a ; 
111a, 111b) inclinees vers I'axe de rotation dudit 
miroir polygonal tournant (7 ; 73 ; 111). 

3. Appareil optique de balayage selon Tune des re- 10 
vendications 1 et 2 

caracterise en ce que 

un element optique (11 ,13 ; 75 ; 108, 109) 
est dispose entre ladite unite (3 ; 71 ; 100) a sour- 
ce de lumiere et ledit deflecteur (7 ; 73 ; 111) pour 1 5 
separer le faisceau lumineux (LB) provenant de 
ladite source de lumiere (3 ; 71 ; 100) et le fais- 
ceau lumineux (LB) devie par ledit deflecteur (7 ; 
73; 111). 

20 

4. Appareil optique de balayage selon I'unequel- 
conque des revendications 1 a 3 

caracterise en ce que 
ledit systeme optique est un systeme opti- 
que f9. 25 

5. Appareil optique de balayage selon Tune des re- 
vendications 3 et 4 

caracterise en ce que 

ledit element optique (11, 13 ; 75 ; 108, 30 
109) comprend un diviseur(13 ; 75 ; 108) de fais- 
ceau a polarisation et une lame quart d'onde (11 ; 
109). 

6. Appareil d'enregistrement d'images comportant 35 
un element photosensible 

caracterise par 

un appareil optique de balayage selon 
I'une quelconque des revendications precede n- 
tes, dans lequel ledit element photosensible re- 40 
coit le faisceau lumineux (LB) provenant dudit 
systeme optique. 
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